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[57] ABSTRACT

Blowing agents of tetrazoles and their derivatives
which have a melting point over 200° C. and are used to
manufacture the high quality foaming thermoplastic
synthetic resin moldings, especially engineering or su-
perengineering plastic moldings and said blowing
agents generate no harmful gases and do not cause the
deterioration of the thermoplastic synthetic resin mold-
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BLOWING AGENTS OF THE TETRAZOLES AND
THEIR DERIVATIVES

This is a continuation-in-part of Ser. No. 07/798,561
filed Nov. 26, 1991, abandoned.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to tetrazole blowing
agents and their derivatives which are used to manufac-
ture foamed thermoplastic resin moldings (hereinafter
referred to as the cell structured artificial plastics)
which have a high melting point and high softening
point, 1.e. the tetrazoles and their derivatives are the
blowing agents to be used for the cell structured artific-
1al plastics which have high quality and have no shrink
and no warp and accordingly have various uses.

(2) Description of the Prior Art

Formerly, as the blowing agents for the manufacture
of foamed thermoplastic synthetic resins, liquid hydro-
carbons or volatile hydrocarbons such as propane, bu-
tane, pentane and heptane or the blowing agents which
are decomposed at low temperature such as diazo type
blowing agents were used in the fixed molding process.

SUMMARY OF THE INVENTION

Formerly, blowing agents which were used for the
ordinary foamed synthetic resin plastic moldings are
low in vaporization temperature and thermal decompo-
sition temperature and so the synthetic resins in which
are used said blowing agents are limited to the ordinary
synthetic resins which have low melting points, but
recently thermoplastic engineering plastic moldings
have been in increased demand, and moreover due to
the development of thermoplastic superengineering
plastic moldings containing ligquid crystals, the demand
for the high quality cell structured artificial plastics is
increasing. However, generally, ordinary blowing
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agents are not used for engineering plastic moldings or 40

superengineering plastic moldings which have high
melting points or high softening points compared with
ordinary thermoplastic moldings and so, the above de-
scribed high quality foamed resins are not manufactured
by using the said ordinary blowing agents.

The object of the present invention is to provide
blowing agents which have the following properties
(a)-(c) such that they may be used in the manufacture of
high quality thermoplastic synthetic resin moldings:

(a) The thermal decomposition temperatures are at
least over 200°C.

(b) A large quantity decomposition gases (non-toxics)
are generated, accompanied by the decomposition
of the blowing agents. |

(c) The decomposition gases do not include gases
which cause the deterioration or degradation of the
thermoplastic synthetic resins to occur, such as
ammonia or alcohol.

DETAILED DESCRIPTION OF THE
INVENTION

To attain the above described object, the present
inventors confirmed that the below described tetrazoles
and their derivatives satisfy the above properties
(a)-(c). As the result of their investigation, the present
inventors have discovered that by using these tetrazoles
and their denvatives as blowing agents, the manufac-
tured cell structured artificial plastics have no shrink
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and warp and the manufactured products are excellent,
and so the inventors of the present invention completed
the present invention. Namely the present invention
relates to single or plural tetrazoles and their derivatives
which have the following structural formulas used for
the manufacture of the foamed thermoplastic synthetic
resins.

(I)

(IT)

(I1I)

(IV)

where R and R are the same or different and are
selected from the group consisting of H, C; to Cg
alkyl, Csto Cg cycloalkyl, C; to Cg alkenyl radicals
optionally substituted by one or more C; to Ce
alkyl, —OH, —COOH, SO3H, NO,, halogen and
—NR4R 5, wherein R4 and Rs may each be H or
C1-C4 alkyl or R and Rj can be phenyl, benzyl or
phenethyl radicals optionally substituted by 1 to 3
halogens, —OH, NO;, —CN, —COOH, and
NR4R5 wherein R4 and Rs are as defined above;

Ry is selected from H, —OH, —COOH, —SO3H,
—NQO», halogen or —NH4R5 wherein R4 and Rjs
are as defined above, C; to Cgalkyl, C3to Cgcyclo-
alkyl or C; to Cg alkenyl, optionally substituted by
Ci to Cg alkyl, —OH, —COOH, —SO3H, —NO»,
halogen, —NR4R5 wherein R4 and Rj5 are as de-
fined above or R; can be phenyl, benzyl or phen-
ethyl radicals optionally substituted by 1 to 3 halo-
gens, —OH, NO,,—NR4R s, wherein Rqsand Rsare
as described above, C; to C4 alkyl and esters or
amides of lower carboxylic acids;

R3 1s selected from the group consisting of Csto Cg
alkylene, cycloalkylene, or alkenylene, optionally
substituted by Cj to Cg¢ alkyl, —OH, —COOH,
SO3H, —NO», halogen or NR4R 5, wherein R4 and
Rs are as defined above, the alkylene, cycloalkyl-
ene or alkenylene radicals optionally containing
- O—, —S—, —S03, —CO—, phenylene and
bisphenylene being optionally substituted by 1 to 8
halogens, —OH, —NO,, esters or amides, lower
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3
carboxylic acids, —NR4R 5 wherein R4 and Rs are
as defined above, Cj to C4 alkyl;

M is a divalent metal selected from Ca, Cu, Zn, Mn,
Fe, Co, Niand Ba, and Z is a univalent inorganic or
organic radical which may bind to or form a salt
with M, such as —S0O4, NH4, —HCO3, —HPOy4,
—NO3, —ONH4, —CH3, —C;Hs5, —CHO, NH; or
SO;H.

One or more of the above compounds may be em-
ployed and the compounds employed have higher melt-
ing points or the softening points than the thermoplastic
synthetic resins used, and the amount of the above tet-
razole derivatives employed is 0.01-15 weight % per
100 weight% of the thermoplastic synthetic resins.

In the case where the amount of blowing agents used
1s under 0.01 weight %, the foaming degree of the ther-
moplastic synthetic resins is inferior, and in the case
when the amount of the blowing agents used is over
15%, such amount of blowing agents is excessive and
thus the foamed synthetic resin molding properties and
the resultant foamed molding products are inferior, and
thus, both cases can not be used in the present invention.
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As described above, the blowing agents of the present

invention have the higher thermal decomposition tem-
perature than the melting points or the softening points
of the thermoplastic synthetic resins used, and further-
more the thermal decomposition points of the blowing
agents are very sensitive to the thermal decomposition
at a higher molding temperature than the temperature
of melting points or softening points of the thermoplas-
tic synthetic resins. -

A fixed quantity of the blowing agents is added to the
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master batch (polymer premixed with concentrated

blowing agents) of the thermoplastic resins treated pre-
viously to.make a chip or pellet which has mutual solu-

bility with the thermoplastic synthetic resins and the

thus treated thermoplastic synthetic resins are used for
molding.

‘The thermoplastic synthetic resins to be used for the
present invention are not especially limited, but the
thermoplastic resins which can be used for the present
invention are selected from the below described group,
1.e. polyolefins, fluoropolymers, acrylonitrile-butadi-
ene-styrene resins, polystyrene, polyvinyl chloride
(PVC) polyacrylates, polyamide, polycarbonate (PC),
polyphenylene oxides (PPC), polyethylene terephthal-
ates (PEC), polybutylene terephthalates (PET), poly-
phenylene sulphides (PPS), polyether sulfones (PES),
polyimide amides (PAI), polyether imides (PEI), poly-
ether ether ketones (PEEK), polysulfonates (PSF),
liquid crystal polymers (LCP), polytetrafluoroethylene
(PTFE) or their copolymers or polymers.

And the antioxidant, ultraviolet light absorption rea-
- gents, dyes, pigments, fillers or the reinforcing fibers,
etc., can be blended with the thermoplastic resins.

In order to manufacture the thermoplastic synthetic
resin moldings of the present invention, injection mold-
ing, extrusion molding, blowing molding, press molding
or any other molding can be used.

For instance, in injection molding, the amount of
additional tetrazole blowing agents used in the molding
machine is selected according to the purpose of the
molding product and these blowing agents are mixed
with the thermoplastic synthetic resins and the mixed
products are injection molded by the ordinary method
or by the extrusion molding method by using a 2 axis
extrusion molding machine.

35

45

50

33

60

65

4

The desired thermoplastic synthetic resins and tet-
razole blowing agents which are mixed with the ther-
moplastic synthetic resins are separately introduced into
the hopper and firstly the desired thermoplastic syn-
thetic resins are separately introduced into the hopper
and then the fixed amount of desired thermoplastic
synthetic resins is extruded, and thermoplastic resins
mixed with the tetrazole blowing agents are extruded
according to the ordinary molding method. In this case,
in order to prevent shrink and warp, the full shot
method or slightly shot method of molding are prefera-
ble, and also it is preferable that the metal mold is kept
under slightly reduced pressure or slightly short shot to
obtain a comparatively higher foaming rate. And more-
over, In the case of the injection molding method, by
using the coinjection molding, from the same or differ-
ent thermoplastic synthetic resins mixed with the blow-
ing agents of the present invention, different kinds of
thermoplastic synthetic resins can be manufactured
where the non-foamed thermoplastic synthetic resins
exist at the surface layer and the thermoplastic synthetic
resins having the foams with high ratio exist in the
interior of the product, and injection moldings which
shrink and warp are improved so that they may be used
in applications which require surface smoothness and
dimensional accuracy.

And moreover, by using an extruder, various types of
extruston moldings can be manufactured by the conven-
tional method e.g. fibers or films or sheets or other
various types of extrusion foamed moldings using the
thermoplastic synthetic resins including the blowing
agents of the present invention.

And, by using the blowing agents of the present in-
vention, from the foamed thermoplastic synthetic resin
portions together with the non-foamed thermoplastic
synthetic resin portions, the conjugate fibers or coex-
truded fibers or sheets, extruded laminate fibers or
sheets can be manufactured.

And also, instead of the manufactured thermoplastic
synthetic resin portion, paper, metals, ceramics or other
materials can be used. These foamed moldings have the
characteristics of light weight, adiabatic property, good
cushioning property, beautiful appearance and shielding
of light and have various available uses.

EXAMPLE
Example 1

(1H)-tetrazole (decomposition temperature 241° C.) is
added to the copolymerized nylon based on 12-Nylon
[ —NH(CH?)sCO—]poly(9-amino nonanoic acid) 5
welght % and melted and the chips are made from
them, and these chips are mixed with the 6-Nylon
[INH(CH;)3CO]poly (melting point 215° C.) 6.25, 8.0,
4.0 weight % each and then these are injection molded
using test metal mold (length 60 mm, breadth 40 mm
and thickness 5 mm) according to the conditions of
Table 1 and the results are summarized in Table 1.

TABLE 1
Addition Injection Foaming
Quantity Tempera- Molding Condi- Specific Rate
(%) ture ("C.) Tem. (°C.) tion Gravity (Multiple)
0.125 250 70 No. 1 1.13 1.002
2 1.10 1.025
3 1.06 1.050
4 1.05 1.075
5 099 1.125
0.25 No. 1 1.12 1.005
2 1.07 1.050
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TABLE 1-continued
ekttt

Addition Injection . Foaming
Quantity Tempera- Molding  Condi- Specific Rate
(%) ture (°C.}) Tem. (°C.) tton Gravity (Multiple)
3 1.05 1.075
4 (095 1.125
5 0.94 1.175
0.50 No.1 110 1.025
2 1.05 1.060
3 102 1.100 10
4 095 1.175
5 090 1.250
Wherein: Injection conditions are as follows:
No. 1 full shot 15

No. 2 3.7% short shot
No. 3 7.4% short shot
No. 4 11.19% short shot
No. 5 14.5% short shot

Example 2 20

Molding results by the full shot injection condition
are summarized in Table 2. |

TABLE 2 .
B T
Property of
Blowing Kingd of Molding foa-
Agent  Decomposition thermo- Molding Foaming ming form
Addition Temp. plastic Temp. Rate formability
NO Quantity (°C.) resins (°C.) (Multiple) (shrink, warp)
N 2R S ot S S bt AT s At AN
1 (a) 283 Moadified 290 1.002 Surface,
0.125 PPE beautiful
no shrink
no warp
2 (b) 285 PC 300 1.004 Surface,
0.200 beautiful
no shrink,
slightly
warp
3 (c) 276 PET 285 1.003 Surface,
0.125 beauntiful
no shrink,
no warp
4 (d) 276 PBT 280 1.003 Same as
0.200 above
5 (e) 262 66 275 1.002 Same as
0.125 Nylon above

m

Wherein: Structural formula of the used tetrazoles in
Table 2 (a)-(e) are as follows:

N N (a) Example 3
I I 50  The results of molding of 10% short shot injection
- C"\. - N - - "
CH; 1iq molding are summarized in Table 3.
Ph
"TABLE 3
———————— vt
Property of
Blowing Kind of Molding foa-
Agent  Decomposition thermo- Molding Foaming ming form
Addition Temp. plastic Temp. Rate formability
NO Quantity (°C) resins (°C.) (Multiple) (shrink, warp)
R s AU Mt/ SSNeottn S, S NSO sttt siets AU st LA
1 (a) 282 Modified 290 1.092 Foaming, fine
0.125 PPE surface, good
no shrink,
no warp
2 (b) 285 PC 300 1.104°  Same as
0.200 above
3 (c) 276 PET 285 1.093 Same as
0.125 above
4 (d) 276 PBT 280 1.098 Same as
0.200 above
5 (e) 262 66 275 1.089 Same as

6

-continued

N

N
I
H;CH,¢~ N7

|
Ph

N
I

fc\ .ﬂ"’N

CH; N
p-NO>Ph

N N
I I
A AN

H3CH,C N
p-NO»Ph

N N
| L
C N

CH3

L—Z

(®)

(d)

(€}

Wherein p is the para position and Ph is phenyl.
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TABLE 3-continued

Property of
Blowing Kind of Molding foa-
Agent  Decomposition thermo- Molding Foaming ming form
Addition Temp. plastic Temp. Rate formability
NO Quantity (°C.) resins C) (Multiple)} (shrink, warp)
0.125 Nylon above

227" C.) and mixed carefully so that (a) adheres uni-
10 formly to the chip surface of the PPS and the chips are
melted and injection molded under the same conditions
shown 1 Table 5, and the results are summarized in

Wherein: (a)-(e) in Table 3 are same as in Table 2.

Example 4
After mixing 5 weight % powder of the 1-p-nitro-

phenol-5-ethyl-tetrazole with the copolymerized poly- Table 5.
ester powder (M.P. 140° C.), this mixture is melt ex- TABLE 5
truded and granulated, and a fixed amount of the granu- 15 ——

: . . : _ oaming
lated partlclf_zs S .mJXEd : with th? P?lyﬁthleqe tere Addition = Injection Die Temp. Injection Rate
phthalate resin chips havu.lg the limiting viscosity 0.72 Qty (%) Temp. (C.) C.) Condition  (multiple)
(measured in the solution of tetrachloroethane/- 0,125 720 140 N '

° } : 0. 1 1.002

phenol=2:3 at 30° C.) and these are dried under re- 5 1.025
duced pressure and after regulating the water content to 20 3 1.05
under 50 ppm, the temperature of the resins is raised to 4 1.075
280° C. and the resultant resin is melted, extruded as a 0.5 N ) 120
.y . . : 0. 1 1.005

roll, and solidified on cooling and formed into a sheet 9 1.50
having a thickness of 5 mm. The properties of the ob- 3 1.075
tained sheets are summarized in Table 4. 25 : ‘; igg
Comparative Experiment 1 0.50 No. é i-gég
Polyethylene terephthalate resins which are the same 3 1.100
as used in Example 4, are melted and manufactured, the ‘5* 1175

extruded sheets are formed under the same conditions as 30 1125

Example 4 and the properties of sheet are recorded in
Table 4.

Wherein: Injection condition
No. 1: full shot

TABLE 4
———— — No. 2: 3.7% short shot
owing Agen oaming 35§ .
Addition Den. Rate No. 3: 7.4% short shot
Quantity (3) Appearance sity  (multiple) No. 4: 11.1% short shot
Experi- 0.125  White Opaque  1.20 1.12 No. 3: 14.5% short shot
ment 4 0.25 Same as above 1.11 1.21
0.50 Same as above 1.02 1.32 Example 6
fomgﬂfa‘ - Semitrans- 1.35 — 40 According to Example 3, the foamed plastics are
;:;m:;t parent manufactured using various plastics and the results are
i | summarized in Table 6.
- TABLE 6 -
Property of
Blowing Kind of Molding foa-
Agent  Decomposition thermo- Molding Foaming ming form
Addition Temp. plastic ‘Temp. Rate formability
NO i Quantity - "C.) - resins (“.) (Multiple) (shrink, warp)
1 (a) 287 PPS 320 1.002 Surface
0.125 beautiful
no shrink,
no warp
2 (b) 322 - PEI 360 1.007 Same as
0.150 above
3 (c) 363 PES 370 1.013 Same as
0.200 above
4 (d) 376 390 1.003 Surface
0.125 beautiful
No shrink,
no warp
5 (e) 395 PPEK 400 1.506 Same as
0.150 No. 1

Example 3

Crystalline Cu salt of 5-methyl-1H-tetrazole (a) (de- 65
composition temperature (287° C.) which is finally pul-
verized with the mortar is added in the amount shown

by Table 5 to the PPS (polyphenylene sulphide) M.P.

Wherein: The blowing agents used in the Table 6 are as
follows:
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-continued
N N N N (a) N N N N (h)
| ol | { il .
'_‘,C\ #,,N N,\ Hc—CHg, H3CH2C"—C\ ..-"N N,\ ”,C""""CHchj}
~. 7
Cu Zn
N N N N (b) N N N N - ®
| - | | |- |
HC"\. .-"'N N"'\. ‘-—"CH ..-"“"C"'\ .--"'N N\ .#"'C\
N N 10 Pr N N Pr
. ~...
n Zn
N N N N (c) N N N N 4),
[ | I | | |l |
H3CH2C-'C\N/N N/\N,,C_CHQ,CHQ, s HC\N"’\N NH N"" CH
Zn Ca/
N NN N @ Wherein: Pr is —CH,CH,CHj
Pr"’ck N""N NG N~ ‘< - 20 Effects of the Invention
Zn/ The effects of the present invention are summarized
as follows:
N N N N (e) (1) The mvention of the blowing agents for use with
Il o | high quality thermoplastic synthetic resins which
HC . N N_ _CH 25 : : : : . :
N N have a high melting point or high softening point
o are accomplished by the present invention.
(2) Thermal decomposition of the tetrazole deriva-
Wherein: Pr is —CH»>CH,CH: fives 1s complete an_d tl}e main ingredient of the
decomposed gases is nitrogen and thus has no
Example 7 30 harmful effects on the thermoplastic synthetic resin
Similar to Examples 3 and 4, blowing agents are Egigf‘;g:’ for imstance, deterioration etc. of the
added to the thermoplastic synthetic resins described in (3) Tt is goésible bv the bresent invention to cive 2
Table 7 and molded to 10% short shot, and the results foameclf truc turgr ‘o thg thermonlastic enes i s
are summarized in Table 7. P it S
TABLE 7
Property of
Blowing Kind of Molding foa-
Agent  Decomposition thermo- Molding Foaming ming form
Addition Temp. plastic Temp. Rate formability
NO Quantity °C.) resins (°C) (Multiple) (shrink, warp)
1 6] 287 PPS 320 1.062  Foaming
0.125 fine
Surface
beautiful
no shrink,
| no warp
2 (2) 322 PEI 360 1.118 Same as
0.1 above
3 (h) 363 PES 370 1.125 Same as
0.200 | above
4 (1) 376 390 1.073 Same as
0.125 above
5 G) 399 PPEK 400 1.119  Same as
0.150 No. 1

Wherein: The blowing agents (f)-(j) in Table 7 are as 55

follows:

N N N N
i ol Il
’__,_C\_ ‘___,N N*\. ‘__,C—CH;;
H3C N_. N
~_
Cu
N N N N
{ [ ]
H_C\N""N N\N#‘CH
Zn

and superengineering plastics which were formerly
difficult to produce.
© (4) The foamed moldings of the present invention
may be formed as fibers, films, sheets or 3-dimen-
60 sional moldings by using the ordinary molding
method, e.g. extrusion, injection, blowing or press
molding.
(5) In addition to the characteristics of the engineer-
ing and superengineering plastic moldings which
65 themselves have high heat resistance and high me-
chanical properties, the foamed thermoplastic syn-
thetic resin moldings which are manufactured by
the present invention have the characteristics of

(8)
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light and beautiful surface appearance and no
shrink and warp.

What we claim 1is:

1. In a process for the production of cellular products
which comprises incorporating a blowing agent into
rubber or a synthetic polymer and then heating to acti-
vate the blowing agent, the improvement which com-
prises using as the blowing agent tetrazole compounds
represented by the formulae:

N N N--N
AN
Rl.-""" \N.ﬁ"' Rz.-"" \N#"
R v
?

where: |
R and R; are the same or different and are OH,

COOH, SOsH, NO,, halogen and NR4R5 wherein
R4 and Rs are each H or C1-C4 alkyl or R and R;
are phenyl, benzyl, or phenethyl substituted or
substituted by 1 to 3 halogens, OH, NO;, COOH
and NR4Rs wherein R4 and Rs are as defined
above, Ro1s H, OH, COOH, SO3H, NO», halogen
or NR4R ;5 wherein R4 and R are as defined above,
Ci to Cg alkyl, C3 to Cg¢ cycloalkyl or C; to Cg
alkenyl, unsubstituted or substituted by C; to Cg
alkyl, OH, COOH, SO3H, NO», halogen or NR4R5
wherein R4 and Rs are as defined above or R» is
phenyl, benzyl or phenethyl unsubstituted or sub-
stituted by 1 to 3 halogens, OH, NO; or NR4Rs,

S
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wherein R4 and Rs are as defined above, Cy to Cy
alkyl and esters or amides of lower carboxylic
acids;

M 1s Ca, Cu, Zn, Mn, Fe, Co, Ni or Ba and Z 1s a

univalent inorganic or organic group which binds
to or forms a salt with M.

2. The process of claim 1 wherein Z 1s —SQO4, —NHy,
—HCO3, —HPO4, —NO3, —ONH4, —CH3, —CyH3,
—CHQO, NH> or SO3;H.

3. The process of claim 1 which includes heating the
polymer containing said tetrazole compounds to a tem-
perature sufficient to decompose the tetrazole com-
pounds. -

4. The process of claim 1 in which M is a divalent
metal selected from the group consisting of Ca, Cu, Zn,
Mn, Fe, Co, N1 and Ba, and Z is selected from the group
consisting of —SQy4, —NH4, —HCO3, —HPQO4, —NO3,
—ONH,4, —CH3, —CsH5, —CHO, —NH? or —SO3H.

5. The process of claim 1 which comprises directly
adding the tetrazole compound as blowing agent to a
synthetic thermoplastic polymer or its components for
the production of cellular products. |

6. The process of claim 1 which includes, after said
incorporating and prior to heating, the step of forming
the polymer with the tetrazole compound therein at a
temperature less than the decomposition temperature of
the tetrazole, into formable chips or pellets.

7. The process of claim 1 in which the blowing agent
1s employed in an amount of from about 0.01 to about 15

percent by weight of the rubber or synthetic polymer.
- I o %



	Front Page
	Specification
	Claims

